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important for screening purposes, 
but have to be combined with 
detailed biochemical and 
functional studies. In fact, the 
experience with yeast showed that 
the many possibilities offered by 
genomics and proteomics shifted 
the emphasis from cloning back 
to biochemistry and thus gave us 
more time for functional studies.
What is the biggest hindrance 
to science? Administrators 
who like paragraphs more than 
science, and politicians who think 
that science is only possible in 
large consortia and on topics that 
have been decided by committees 
beforehand. There is no doubt 
that large centres are important, 
in particular for stimulation of 
interdisciplinary discussion, for 
high-throughput studies and the 
use of expensive equipment. But 
we should not forget that most 
pioneering findings in biology 
have been made by individuals 
or small groups of scientists who 
were just driven by their scientific 
curiosity and not by large 
frameworks or programs. The 
individual freedom and flexibility 
of a scientist are the biggest value 
in science and we should never 
trade them off for short-term 
benefits or political purposes. 
When is it time to move to a 
new field of research? The 
personal answer is when you lose 
excitement about your work and 
don’t think about your project 
day and night then it may be time 
to look for a new challenge. The 
scientific answer is that when 
the major questions in a field are 
solved you should go on to a 
new area. But the problem is to 
know when the major questions 
are solved. For example, in 2001 
the various groups working on 
mitochondrial biogenesis thought 
that we had solved the major 
questions, having identified the 
main components of the two 
protein import pathways and thus 
we started to think about what’s 
next. Soon after, the field nearly 
exploded and we found two new 
protein import pathways with 
novel mechanisms of targeting 
and protein assembly and doubled 
the number of crucial import 
components. The reason for 
this boost was a combination of 
native techniques for analysis of 
protein complexes and transport 
intermediates, as well as the 
outcome of a comprehensive 
proteomic characterization of 
mitochondria that revealed many 
essential proteins with previously 
unknown function. Thus, in 2001 
we had thought we understood 
mitochondrial biogenesis, now we 
know that we had missed at least 
half of the story.
What are the future challenges 
in molecular cell biology? The 
hottest stories often develop 
from surprising side effects and 
putative artefacts of experiments. 
One needs an open eye to 
distinguish those so-called 
artefacts that turn out to be 
exciting new findings. I think 
that the dynamic organization 
of cells and the cross-talk of 
cellular compartments will be 
major questions to be solved 
on a molecular level. Proteins 
and protein complexes do not 
function as separate entities but 
are functionally and physically 
integrated into large networks 
that are regulated in space and 
time. Because the interactions 
are often weak or transient in 
nature, we need in vivo analyses 
of supramolecular complexes 
and mild conditions to open 
cells in order to preserve these 
higher- order structures. The 
cytosol is not simply a ‘soup’ 
where molecules diffuse but likely 
a highly organized compartment 
that channels the trafficking 
of molecules. And many more 
proteins than we know so far 
will have two or more different 
functions and subcellular 
localizations. We will need input 
from various sides, large-scale 
omics-studies, single molecule 
studies, as well as detailed 
biochemical and cell biological 
analysis to understand the 
complexity of cellular organization 
and its regulation — and be 
prepared for the unexpected.
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What is blindsight? The visual 
functions that can be elicited in 
response to stimuli presented 
within fields of cortical blindness 
have become known as blindsight. 
The ‘blind’ in blindsight reflects 
the patients’ claims not to see 
the stimuli at all, while the ‘sight’ 
refers to their residual or recovered 
ability to localize, detect and 
discriminate between such unseen 
stimuli. This divorce between 
blindness and visual performance 
is captured in the term blindsight 
coined by Lawrence Weiskrantz 
and colleagues in 1974, and 
makes the phenomenon intriguing 
to psychologists, cognitive 
neuroscientists, and philosophers. 
How is it studied? The ‘direct’ 
approaches get around the 
‘invisibility’ of blind field stimuli 
by asking the patients to guess 
whether, where or which one of 
a small number of stimuli has 
been presented within the blind 
field. Prompted by consciously 
accessible auditory or visual stimuli, 
the patients are ‘forced’ to reach 
for, to initiate eye movements to, 
or to press different buttons for 
different blind-field targets. The 
alternative ‘indirect’ approach does 
not require that patients respond 
to ‘unseen’ targets, but engages 
them in responding to target stimuli 
presented to their sighted field. By 
presenting additional blind- field 
stimuli, the experimenter learns 
whether these modulate the 
responses to the visible stimuli.
Most commonly, reaction times to 
the consciously accessible stimuli 
are measured, but perceptual 
influences of stimuli in the blind 
field on targets presented to 
the sighted field have also been 
assessed.
Both forced-choice and indirect 
methods require many trials for 
evaluation, and the same is true 
for psychophysiological responses 
that include galvanic skin and 
pupil responses which can also be 
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The different methods usually, but 
not always, yield closely similar 
results. 
What blindsight is not. Although 
the term ‘visual zombie’ has been 
used to describe  blindsight, it is not 
just like normal vision stripped of its 
experiential qualities. The defining 
feature of a zombie is that its 
behaviour is undistinguishable from 
that of real people, but this is not 
true of patients with blindsight, who 
may perform excellently in a manual 
localization task, but fail completely 
when asked to discriminate the 
direction of motion in random dot 
kinematograms, even when all 
dots move in the same direction. 
In contrast, detection of motion 
and even its direction can be close 
to perfect when single targets 
or Ganzfeld stimuli with coarse 
gratings or patches are used. 
Blindsight is also different from 
normal vision at threshold, because 
a small increase in a threshold 
stimulus’ intensity renders it visible 
to the normal sighted. In the 
blind field, however, an increase 
in intensity does not make the 
stimulus visible unless it then 
stimulates the sighted field as well, 
by producing detectable straylight 
or reflections. 
Finally, blindsight is also 
different from the visual functions 
demonstrated in fields of cortical 
blindness that allow some 
awareness of the visual stimuli. 
Both phenomena are mediated 
by a visual system deprived of 
its primary visual cortex, and 
thus share propensities such as 
favouring crude motion detection. 
However, patients with such V1-less 
visual functions report being aware 
of some motion or shades, whereas 
patients with blindsight say they 
are ‘only guessing’. Therefore the 
former tell us about what is possible 
in the absence of V1, while the 
latter may help understand what is, 
and what is not, possible without 
conscious vision. 
What is blindsight good 
for? From the experimenter’s 
perspective, the study of blindsight 
allows us to tackle the function 
and very purpose of stimulus 
awareness, and, by comparison 
with normal vision, to elucidate the neuronal pathways and 
processes involved in rendering 
vision conscious. From the patient’s 
perspective, blindsight is useful 
for visually guiding behaviour, as 
in avoiding obstacles or detecting 
moving traffic. As blindsight 
training improves performance, 
there are now several concurrent 
programmes trying to exploit it for 
rehabilitation.
What pathways mediate 
blindsight? Lesions that destroy 
the visual cortex cause massive 
degeneration of the lateral 
geniculate nucleus (dLGN), and lead 
to transneuronal degeneration of 
~50% of retinal ganglion cells. The 
survivors continue to project to their 
retinorecipient nuclei, which in turn 
transmit the information — directly 
or via further subcortical way 
stations — to visual cortical areas 
beyond V1. The strongest of these 
remaining routes is to the superior 
colliculus of the midbrain, which 
has been shown to be involved 
in the localization and motion 
processing of blind-field stimuli. 
Pathways to the pretectal area 
contribute to pupil responses, 
optokinetic nystagmus and light 
versus no-light discrimination, and 
those to the inferior pulvinar and 
the koniocellular layers of the dLGN 
may be involved in processing 
orientation and wavelength 
information from the blind field. 
Neuroimaging blindsight. While 
largely based on anatomical and 
physiological studies of non-human 
primates and cats, knowledge of 
the remaining functional routes in 
blindsight patients is increasingly 
being supplemented by functional 
neuroimaging. Reports of selective 
recognition of fearful facial 
expression have been associated 
with activation of the amygdala, 
but it is still unclear by what route 
the visual information reaches this 
structure. 
Functional neuroimaging has 
also shown that cortical areas in 
the ventral stream can respond 
to object stimuli presented to the 
blind field in blindsight-trained 
patients, although almost no 
neurons in ventral areas were 
responsive in anaesthetized and 
blindsight-naïve monkeys. Clear 
activations in extrastriate visual cortex were found in patients who 
retained or recovered vision after 
V1 destruction, and support the 
idea that extrastriate visual cortex is 
involved in functional recovery. 
In short, all surviving retinal 
projections as well as the structures 
that receive their input, whether 
directly or indirectly via another 
way station, probably contribute 
to the many functions that can be 
demonstrated in fields of cortical 
blindness.
Does it occur in monkeys 
and cats? There is a wealth 
of information about the visual 
behaviour of monkeys and cats 
with partial or complete ablation of 
V1 and sometimes additional visual 
cortical areas. To these studies we 
owe insights regarding the role of 
age at lesion, and which pathways 
are necessary for particular 
visual functions supported by 
the cortically blind field. Many of 
these investigations predate the 
demonstration of blindsight in 
humans, and do not address the 
question of whether the animals 
lose or retain conscious vision 
after visual cortical destruction. 
Only relatively recently has this 
issue been tackled in hemianopic 
monkeys. Although non-verbal 
proof is difficult, the evidence 
from two independent studies is 
consistent with the hypothesis 
that adult monkeys with unilateral 
ablation of V1 have blindsight rather 
than poor conscious vision in their 
field defect.
What is the relevance for normal 
vision? Destruction of the primary 
visual cortex commonly abolishes 
conscious sight in the affected 
visual field, and visual stimuli 
presented to the field can only be 
processed implicitly. Nevertheless, 
visual experiences often remain, 
at least temporarily. The best 
documented form is that of visual 
hallucinations that are commonly 
attributed to deprivation-induced 
endogenous activation of the 
remaining visual cortical areas. 
They appear as moving balls, often 
coloured geometric patterns, as 
objects or people; the patients can 
describe or draw them in detail, but 
commonly report repeatedly having 
the same restricted variety of such 
phenomena. 
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Since Flourens [1] it has 
been recognized that lesions 
of the cerebellum produce 
profound deficits in coordinated 
movement. More recent 
experimental and clinical 
evidence has shown that the 
cerebellum also plays a critical 
role in motor learning [2] and 
reflex adaptation [3]. Claims 
for a cognitive function of the 
cerebellum have been raised 
and refuted in the past [4]. The 
syllogism seems to be: “monkeys 
and apes are clever; people are 
very clever; monkeys and apes 
have big cerebellar hemispheres; 
people have very big cerebellar 
hemispheres; therefore, the 
cerebellum is related to intellect” 
Essay
Mitch Glickstein
The cerebellum is a large part 
of the brain in all vertebrates. In 
humans it constitutes about ten 
percent of the total brain weight, 
but the small granule cells of the 
cerebellar cortex are densely 
packed so that the cerebellum 
contains more neurons than all 
of the rest of the brain. Although 
it has a uniform cellular structure 
in mammals and birds, there is 
great variability in the relative 
size of its parts. In mammals 
the cerebellum can be roughly 
divided into three parasagittal 
divisions; a midline vermis 
(Latin: a worm) and two lateral 
hemispheres. The hemispheres 
are large in the higher primates 
and they are very large in the 
human brain. Because the 
cerebellar hemispheres are 
particularly large in humans and 
the higher primates, from time 
to time claims have been made 
that in addition to its role in 
motor control, the cerebellum is 
important for cognitive functions, 
such as learning, attention, and 
language. Here I review some of 
the evidence for and against that 
claim.
What does the 
cerebellum  
really do?It is much more difficult to 
ascertain whether visual dreams 
also persist in such cases, although 
one of our hemianopic patients 
was sure of this when he reported 
dreaming that his vision had fully 
recovered, and he was seeing 
the entire scenery flowing by on 
his (blind) left side when he was 
driving. Yet more intriguing are 
reports of after-images resulting 
from very strong or persistent 
visual stimulation, because they 
imply that even optical stimuli 
may retain some unusual and still 
mysterious capacity to provoke 
awareness. Even if these examples 
of non- veridical vision are of little 
use to the patient in everyday life, 
they are important in showing that 
even fully -formed phenomenal 
visual percepts can exist when V1 is 
destroyed.
Why is blindsight blind? Many 
hypotheses have been proposed: 
V1 provides the lion’s share of 
retinal input to the visual cortical 
areas, which cannot render 
vision conscious on the basis 
of the remaining weaker signals 
arriving via extrageniculate-striate 
pathways; the visual cortical 
areas have to report back to V1 
to instigate conscious vision; 
destruction of V1 interferes 
with phase locking of neuronal 
discharges or with establishing 
a particular frequency (gamma) 
band; communication with areas in 
prefrontal cortex or with particular 
thalamic structures fails as a 
consequence of the lesion. All of 
these ideas are presently under 
investigation, and some will need 
to be revised to accommodate 
both the return of (some) conscious 
vision and the system’s capacity 
to generate non-veridical visual 
perceptions in the absence of V1. 
Transcranial magnetic stimulation 
on patients as well as in attempts 
to induce blindsight in the normal 
sighted may help by showing where 
and when disruption of normal 
activity interferes with particular 
blindsight functions.
Any related phenomena? 
In view of the dissociation 
between stimulus awareness 
and visually- guided performance 
observed following destruction of 
V1, one might expect damage to primary auditory or somatosensory 
cortices to produce similar 
phenomena, and indeed ‘numb 
sense’ is well established in 
patients with unilateral lesions 
of somatosensory cortex. As 
information from each ear reaches 
both hemispheres, unilateral lesions 
of auditory cortex do not cause 
cortical deafness. Nevertheless, 
a patient with total cortical 
deafness from bilateral damage 
demonstrated ‘deaf hearing’ 
when required to guess about the 
localization of ‘unheard’ sounds. 
Implicit processing of 
visual qualities that are not 
consciously perceived has been 
elicited in patients suffering 
from achromatopsia, who may 
process and respond to different 
wavelengths without perceiving 
colour. This has also been reported 
for subjects with dense visual 
agnosia for faces, who may show 
different reaction times when 
having to respond to the identity, 
familiarity, or expression of faces 
they no longer recognize or 
understand.
Finally, patients with severe 
amnesia who cannot overtly recall 
recent events, and fail to remember 
that they have undergone prior 
testing, can score much better 
upon further testing with the same 
task. The wealth of evidence on 
implicit processes in many domains 
makes one wonder whether 
implicit processes always remain 
when the explicit representation is 
destroyed by circumscribed cortical 
damage, and whether rehabilitation 
programmes could successfully 
harness the remaining capacities 
for restitution.
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